It is concluded that coconut oil is very effective against deleterious hyperlipidemic, hyperglycemic and nephro-toxic effects of alloxan.
Introduction
Diabetes mellitus is one of the most common disease in the world. It is a metabolic disorder characterized by hyperglycemia. It occurred due to deficiency of insulin secretion or due to impairment of its action. Untreated diabetes mellitus causes several complications as hyperlipidemia, disorders in liver functions and diabetic renal dysfunction [1] .
Alloxan is a chemical substance used in inducing diabetes in rats by destruction of the beta cells in pancreas that produce insulin. This destruction caused type 1diabetes as it reduces the insulin production. The untreated diabetes mellitus causes numerous degenerative effects [2] .
Virgin coconut oil is a vegetable origin oil V IRGIN coconut oil is known to have beneficial health effects. Although it is rich in saturated fatty acids, these saturated fatty acids are easily absorbed and used as energy for metabolism and protects the body from disease. So, this study is designed to evaluate the protective effects of virgin coconut oil against alloxan induced diabetes.
In this study, forty male Wistar rats were divided into four groups (10 rats per group), control group, virgin coconut oil (VCO) group, alloxan group and alloxan treated group. Alloxan was administered at 150 mg/kg body weight through a single intraperitoneal injection. After three days of induction of diabetes by alloxan, virgin coconut oil was administered orally at 10 ml/kg body weight, daily for four weeks.
Results showed that alloxan caused diabetes as indicated by significant increase in the fasting blood glucose level (330±2.8 mg/dl) and oral glucose tolerance test with a significant reduction in serum insulin level (0.90±0.05 µiu/ml). Moreover, alloxan induced significant increase in total cholesterol (110±2.8 mg/dl), triglycerides (350±7.05 mg/dl) and LDL (33.60±0.98 mg/ dl). Alloxan also induced renal dysfunction as indicated by a significant increase in serum creatinine (3.25±0.02 mg/dl) and urea (76.14±0.64 mg/dl). Alloxan caused significant elevations in ALT (108.2±1.06 U/L) and AST (118.9±0.76 U/L) with a significant decrease in serum albumin (2.36±0.17 g/dl) and total proteins (3.9±0.11 g/dl). However, coconut oil is effective in alleviation of alloxan induced disorders. which is well-known for its medicinal and nutritional value. It has high levels of saturated fatty acids. The two major fatty acids are lauric acid and myristic acid. Saturated fats that is rich in lauric acid, provide a favorable lipid profile and so, coconut oil helps in the prevention of cardiovascular atherosclerotic diseases. Therefore, we attempted to study the possible protective effect of virgin coconut oil supplementation for in vivo alloxan-induced diabetes mellitus in rats.
Material and Methods

Experimental animals
Forty male albino rats with average body weight 125 gm were used. Rats were obtained from the Experimental unit, Faculty of Veterinary Medicine, Benha University, Egypt. Animals were housed in separate clean metal cages. Fresh and clean drinking water was supplied ad libtium. The animals were left for 15 days for acclimatization before the beginning of the experiment. Rats were kept at constant environmental and nutritional condition throughout the period of the experiment.
Alloxan add coconut
Alloxan (Sigma Chemical Co., St. Louis, MO, USA). Coconut was purchased from the market.
Induction of diabetes
After two weeks of acclimatization of rats, alloxan monohydrate was injected once, intraperitoneally (150 mg/Kg body weight) to induce type 1 diabetes at a dose of 150 mg/kg body weight intraperitoneally at one dose. After 3 days of administration, the fasting blood glucose level of these rats were measured. Rats with fasting blood glucose level above 200 mg/dl were considered diabetic.
Preparation of virgin coconut oil
Coconuts were purchased from the market. Wet extraction method was used [2]. The dry coconuts were broken manually, then its meat was scrapped and cut into small pieces. These cut pieces were ground in the grinding machine into viscous slurry, then it was squeezed through a clean piece of cloth to obtain coconut milk. The resultant coconut milk was left for about 24 hours to facilitate the separation of the emulsion as the crud could harden. Then the crud was scooped out leaving the pure virgin oil. The obtained virgin oil was collected into a bottle and stored at room temperature to be used in the experiment.
Oral glucose tolerance test (OGTT)
All groups were subjected to oral glucose tolerance test (OGTT) at the end of the 4 th week. The rats were fasted for sixteen hours and subsequently challenged with a glucose load of 2 µg/kg body weight. Blood glucose level were determined at 0 hour (before glucose treatment) and at 30, 60, 120 and 180 minutes (after glucose reference).
Sampling
Blood samples were obtained from the retroorbital venous plexus. Blood was collected into plain centrifuge tube to separate serum for biochemical analysis (insulin, glucose, total cholesterol, high density lipoprotein cholesterol, triglycerides, urea, creatinine, ALT, AST, total proteins, and albumin).
Determination of serum insulin level
Serum insulin was estimated by Enzyme-Linked Immunosorbent Assay (ELISA) using kit supplied by Diamond Diagnostics, Egypt according to manufacturer instructions.
Determination of serum glucose, ALT, AST, Total protein, Albumin, urea and creatinine
Serum ALT, AST, total protein, albumin, urea , creatinine, total cholesterol, HDL and triglycerides levels were estimated using kits supplied by Diamond Diagnostics, Egypt according to manufacturer instructions.
Experimental design
Forty male Wistar rats were randomly divided into four groups (10 animals per group). The first group is the control group. The second group is the alloxan group and it was given alloxan intraperitoneally at a single dose of 150 mg/kg body weight, [1] . The third group (virgin coconut oil group) was given coconut oil orally 10 ml/kg body weight once daily for four weeks [2]. The fourth group (alloxan treated group) was given alloxan intraperitoneally at a dose of 150 mg/kg body weight once then after three days, virgin coconut oil was given orally 10 ml/kg body weight for four weeks. Blood was collected for serum samples from the retroorbital venous plexus. It was collected from five rats in each group at the end of the experiment for evaluation of glucose level, insulin level, lipid profile, liver function tests and renal function tests.
Statistical analysis
Statistical analysis was performed using the statistical software package SPSS for Windows (Version 16.0, SPSS Inc., Chicago, Ill). The significance of differences between more than two groups was evaluated by one-way analysis of variance (ANOVA). If one-way ANOVA indicated a significant difference, then differences between individual groups were estimated using Fisher's least significant difference (LSD) test. Results are expressed as the mean ± standard error of the mean (SEM). A P-value of less than 0.05 was considered significant[4].
Results
Initial blood glucose level after 3 days of induction of diabetes:
There was a significant increase in blood glucose level in alloxan group and in alloxan treated group when compared to control group and virgin coconut oil group (Table 1) .
Oral blood glucose level
There was a marked increase in blood glucose levels in alloxan group after oral glucose administration and blood glucose level failed to return to normal values after two hours.
Meanwhile, following the administration of glucose, there was a minimal rise in blood glucose levels which returned to the normal control level after two hours in control group, virgin coconut group and alloxan treated group (Fig. 1 ). Table 2 showed thatalloxan administration induced a significant decrease in serum insulin levels compared to control group, and this decrease was ameliorated in the presence of coconut oil. Also, alloxan group showed significant increase in the serum glucose, cholesterol, triglycerides, LDL and VLDL with significant reduction in HDL when compared with control group. Coconut oil group showed non-significant change in the serum glucose and cholesterol with a significant reduction in serum triglycerides, LDL and VLDL when compared to control group.HDL showed a significant decrease in alloxan group when compared to control and coconut groups. Meanwhile, there was a significant increase in HDL in coconut oil group when compared to control group. Means with different superscripts within the same row were significantly different. Means with different superscripts with in the same row were significantly different.
Serum insulin, glucose, cholesterol, triglycerides, HDL, VLDL and LDL levels
Fig.1. Oral blood glucose tolerance test of different experimental groups
Serum ALT, AST, total proteins, albumin, urea and creatinine levels
In Table 3 , there was a significant increase in serum ALT, AST, urea and creatinine levels with a significant reduction in serum total proteins and albumin levels in alloxan group when compared to control group. Moreover, there was non-significant changes of serum ALT, AST, urea, creatinine, total protein and albumin in coconut group when compared to control group. On the other hand, a significant reduction of serum ALT, AST, urea and creatinine levels with a significant elevation in serum total proteins and albumin levels were found in alloxan treated group when compared with alloxan group. Serum ALT, AST, serum total proteins and albumin in alloxan treated group showed non-significant changes when compared with control and coconut groups.
Discussion
The Cocos nucifera L tree has medicinal and nutritional importance. Coconut is the unique source of natural substances for medicinal and industrial products. There are many products of coconut include coconut oil, coconut shell, raw kernel and tender coconut water. The tender coconut water and raw kernel are antioxidant, hypoglycemic, immunostimulant and antibacterial substances [5] . Virgin coconut oil is composed mainly of saturated fatty acids. The main fatty acids found are lauric, myristic and palmitic acids. Most of the fatty acids in virgin coconut oil are composed of medium chain fatty acids. So, they are directly absorbed by intestine and sent to liver to be used as energy source [6] . Therefore, virgin coconut oil is not stoked in adipose tissue and is not deposited in other organs like heart and liver and hence, it prevents atherosclerotic changes in the different body organs. Furthermore, virgin coconut oil contains very small amount of cholesterol [7] .
In this study, the administration of alloxan in rats in a single dose of 150 mg/kg body weight intraperitoneallyinduced diabetes. This is evidenced by significant increase in serum glucose level and significant reduction in serum insulin level than control group. It is due to destruction of the beta cells of the pancreas. This is due to generation of hydrogen peroxide, superoxide radicals and hydroxyl radicals. These radicals are responsible for death of beta cells resulting in a state of insulindependent alloxan diabetes [8] . This increase in serum glucose level and the reduction in serum insulin level are matched with the results obtained by Szkudelski [9] and Iranloye et al. [2] . On the other hand, the administration of virgin coconut oil resulted in a significant reduction in alloxan-induced elevation of serum glucose levels and a significant elevation in serum insulin levels. This revealed that virgin coconut oil ameliorates the damaging effect of alloxan on the beta cell of pancreas. These results matched with Iranloye et al. [2] and ensured that virgin coconut oil which contains lauric oil possesses insulino-tropic properties. This is evidenced by the reduction in the blood glucose level and the improvement in oral glucose tolerance test [10, 11] . Oral glucose tolerance test is used to measure insulin function or the degree of peripheral utilization of glucose. results showed that following oral glucose administration, there was a minimal rise in blood glucose level which returned to the normal level after two hours in control, coconut and alloxan treated groups. Meanwhile, in alloxan group, there was a marked rise of blood glucose levels and it failed to return to normal levels after two hours. This is due to the insulino-tropic properties of coconut oil. results matched with Iranloye et al . [2] . Means with different superscripts with in the same row were significantly different.
Alloxan administration resulted in hyperlipidemia as a secondary complication of untreated diabetes. This is evidenced by a significant increase in serum cholesterol, triglycerides, LDL and VLDL with a significant decrease in HDL than the control group. The elevation of the levels of serum cholesterol, triglycerides, LDL and VLDL after alloxan administration is consistent with results of add [12, 13, 14] which is due to alloxan mediated free radicals that induce lipid peroxidation and damage of organs membranes. The increased cholesterol levels may be due to the increased activity of 3-Hydroxy -3-Methyl Glutaryl-Coenzyme A reductase which is the rate limiting factor in cholesterol biosynthesis [15] . The increase of the levels of VLDL is due to high levels of free fatty acids and hyperglycemia and also due to the reduction in activity of lipoprotein lipase resulted in decreased clearance of VLDL and LDL [16] .
On the other hand, virgin coconut administration resulted in a significant reduction in alloxan-induced elevation of serum cholesterol, triglycerides, VLDL and LDL levels and a significant elevation in serum HDL levels. This revealed that virgin coconut oil ameliorates the damaging effect of alloxan on the lipid profile. These results matched with Shariq et al. [17] . Virgin coconut oil contains tocopherols and beta carotene. Increased beta carotene increases the fecal secretion of bile acids and decreases the concentration of lipids [2]. Moreover, virgin coconut oil contains high level of phytosterol. This phytosterol competitively blocks the absorption of cholesterol and increases the fecal excretion of bile acids and neutral sterols thus it improves the circulating lipid profile [16] . Virgin coconut oil decreases the triglycerides levels which may be due to its composition of mainly short and medium chain fatty acids which are transported directly to liver to be excreted [18] . Table 3 showed that administration of alloxan resulted in renal and hepatic injuries which is reported by significant elevations in serum ALT, AST, urea and creatinine level with a significant decrease in total proteins and albumin in alloxan group when compared to control group. Meanwhile, virgin coconut oil alleviated these injurious effects induced by alloxan. This ensured that coconut oil removed the liver and renal cell damage. Results matched with those who ascertained that virgin coconut oil is efficient in alleviation the alloxan induced renal dysfunction [1] 
Conclusion
This experimental study was designed to assess the effect of virgin coconut oil in the alloxan induced disorders and it is concluded that virgin coconut oil is effective in alleviation hyperglycemia, hyperlipidemia, renal and hepatic dysfunctions induced by alloxan. 11-Sheela, D.L., Nazeem, P.A., Narayankutty, A., Shylaja, R.M., Davis, S.P., James, P., Valsalan, R., Davassy, B.T. and Raghavamenon, A.C. Coconut phytocompounds inhibits polyol pathway enzymes: Implication in prevention of microvascular diabetic complications. Prostaglandins Leukot Essent Fatty Acids, 127, 20-24 (2017). 
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